Dipsaci Radix, the dry root of Dipsacusasper Wall. ex Henry, is a commonly used traditional Chinese medicine (TCM). A novel comprehensive method was proposed for quality evaluation of wine-fried Dipsaci Radix by an integrated data including three aspects of information: high performance liquid chromatography (HPLC) fingerprint, asperosaponin VI content and antioxidant activity (AA). Various indicators including fingerprint similarity, asperosaponin VI content and AA were respectively employed for quality assessment of processed Dipsaci Radix samples. Results showed that considerable differences existed in quality of processed samples with different processing conditions according to three indicators. Among the factors affecting quality of wine-fried Dipsaci Radix, heating temperature was the most influential factor based on analysis of variance (ANOVA), and should be cautiously controlled. The three evaluation indicators respectively used for optimization of processing technology suggested different optimal conditions of wine-frying. Therefore, a combined indicator based on three evaluation indicators was used for determination of optimal processing condition. Multivariate statistical methods such as Hierarchical Clustering Analysis (HCA) and Principal Components Analysis (PCA) were both employed to classify the processed samples for quality evaluation. To more comprehensively evaluate the quality of wine-fried Dipsaci Radix, HPLC fingerprint combined with content of asperosaponin VI and AA may be a reasonable and practical approach.
Traditional Chinese medicine (TCM) has been used for centuries for treatment and prevention of diseases. According to TCM theory, most herbs should be specifically processed before prescription to increase potency, reduce toxicity and alter effects [1] . Traditional methods for herb processing include frying, braising and steaming often with auxiliary materials such as wine, oil, sand, salt, wheat bran, etc. Since the quality of processed product can affect its efficacy in clinical practice, it is very necessary to strengthen the quality control of processed product [2] . The processing standards of some herbs have been established, such as processing general regulations in the Chinese Pharmacopoeia (C. P. 2010 edition) or the provincial and municipal processing standards. However, some issues still exist in quality control and evaluation for the processed product. For example, most of operations in processing technology are descriptive and experience-dependent, e.g., the processing endpoint depends on visual identification of surface color of processed sample. There are no quantified parameters to be followed in the processing procedure for most TCMs so ensuring the reproducibility and consistency in processing TCM is very difficult. Most available quality standards only take one or several chemical components (marker compounds) as evaluation indicators, which cannot adequately indicate the integrity of TCM. Moreover, for many raw herbs and their processed products, quality standards are nearly same and thus may be inappropriate because the differences are so small. These deficiencies in quality control and evaluation for processed herbs may hinder the modernization and globalization of TCM.
Dipsaci Radix, the dry root of Dipsacusasper Wall. ex Henry, is a commonly used herbal medicine and has been proven to replenish liver and kidney, strengthen tendons and bones, heal bone fractures and arrest abnormal uterine bleeding [3] . Dipsaci Radix exhibits antioxidant [4] , anti-inflammatory [5], anticomplementary [6] , and cytotoxic effects [7] . Its antioxidant activity (AA) may be partially responsible for its anti-inflammatory activity [8] . To enhance the effectiveness on the treatment of rheumatic arthralgia, traumatic injuries and regulation of bone metabolism, raw Dipsaci Radix is usually processed by wine-frying. However, the description on the quality of the wine-fried Dipsaci Radix in C. P. is as follows: "lightly black or lightly brown surface, slight aroma of wine and similar shape to raw Dipsaci Radix slice; the content of asperosaponin VI should be no less than 1.5% in the processed Dipsaci Radix". The parameters involved in the wine-frying technology for Dipsaci Radix, such as heating temperature and heating time, are not definitely provided. The uncertainty in heating temperature or heating time may lead to discrepancies in quality of different batches and even might result in unqualified decoction pieces. Additionally, the quality evaluation is merely based on the quantification of asperosaponin VI, which cannot sufficiently portray the overall quality of the processed Dipsaci Radix. Therefore, there is an urgent need to develop a comprehensive method for accurate and overall reflection of wine-fried Dipsaci Radix quality. As compared with synthetic drugs, the requirements and approaches for quality evaluation of TCMs are more complex. Quantitative determination of one or a few representative compounds is usually used for quality control of herbal medicines [9] .A chromatographic fingerprint, which provides a specific pattern for recognition of multiple compounds in TCM, represents a rational approach for the quality assessment of TCM and has been widely accepted [10a,10b] . It can evaluate not only the absence or presence but also the ratio of all detectable analytes. Recently, chromatographic fingerprint combined with quantitative analysis of compounds has also been applied to quality assessment of herbal medicine injection [11] . To the best of our knowledge, no research has been performed for quality evaluation of wine-fried Dipsaci Radix by the integrated data from three aspects of information: chromatographic fingerprint, asperosaponin VI content and AA.
To understand the factors that affect the processing technology of Dipsaci Radix, and to evaluate the variation in quality of processed samples caused by processing conditions, an orthogonal array design, L 16 (4 5 ), was used to investigate the influence of three factors such as amount of wine, heating temperature and heating time on the quality of processed Dipsaci Radix. Factors and their levels were listed in Table 1 .According to orthogonal array design, 16 samples of wine-fried Dipsaci Radix were prepared from the same batch of raw Dipsaci Radix. Chromatographic fingerprint similarity, the content of asperosaponin VI and AA as different indicators were respectively employed to evaluate the quality of wine-fried samples with different processing conditions. Analysis of variance (ANOVA) based on each indicator was used to find the most influential factor in the processing procedure. A combination of three indicators was used for determining the final optimal processing condition. Multivariate statistical methods involving Hierarchical Clustering Analysis (HCA) and Principal Components Analysis (PCA) were both employed to classify the processed samples for quality evaluation. An integrated data set including HPLC fingerprint, asperosaponin VI content and AA, was proposed for evaluation of quality of wine-fried Dipsaci Radix. The appearance characteristics of 16 wine-fried Dipsaci Radix samples met the description aforementioned in C.P. The prepared samples 1, 2, 5, 6, 9, 10, 13 and 14 had brown surfaces; samples 3, 7, 11 and 15 exhibited dark brown surfaces; the surface color of samples 4, 8, 12 and 16 was light black.
Asperosaponin VI, a principal active component isolated from the rhizome of Dipsaci Radix, was reported to exert apoptosis-inducing activity [12] . At present, its content is the only required indicator Asperosaponin VI, a principal active component isolated from the rhizome of Dipsaci Radix, was reported to exert apoptosis-inducing activity [12] . At present, its content is the only required indicator for quality control of Dipsaci Radix in C.P., and should not be less than 1.5% in wine-fried Dipsaci Radix samples. The linear regression equation of asperosaponin VI standard solution is y = 4.6655 x + 18.677 (r 2 = 1.0000), with a linear range of 20.08 -1498 μg·mL -1 , where x and y indicate percentage content of asperosaponin VI and peak area, respectively. In method validation, average recovery was 101.0% and relative standard deviation (RSD) values of precision (n = 5), repeatability (n = 5), stability (n = 7) and recovery (n = 6) are 0.25%, 0.13%, 0.33% and 0.67%, respectively, indicating the method used was precise, reproducible and stable within 24 hours. Asperosaponin VI contents determined in samples are shown in Table 2 .
Compared with raw Dipsaci Radix, the appearance traits of processed samples met the corresponding description, in that the contents of asperosaponinVI in most of processed samples decreased and varied substantially in a range of 0.61% to 4.72% (approximately 8 times, Table 2 ). Although the contents of asperosaponin VI in most of processed samples meet the requirement of C.P., the samples 4, 8, 12 and 16 have a low content of asperosaponin VI (below 1.5%) and are considered to be "unqualified". According to asperosaponin VI content, the results indicated that different experimental conditions had a great impact on the content of asperosaponin VI and consequently affected the quality of processed samples. If experimental conditions could not be accurately controlled, considerable inconsistence would exist in the quality of wine-fried Dipsaci Radix samples and even some unqualified processed samples might be produced.
The software named "Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine" (SESTCM, Version 2004 A) was used to carry out fingerprint analysis. HPLC fingerprints of raw and 16 processed samples are shown as Figure 1 . Using the fingerprint of raw Dipsaci Radix sample as a reference, 32 common peaks were labeled in the representative fingerprint ( Figure 2 ) after multi-point calibration and automatic peak alignment. Similarities between each fingerprint of wine-fried sample and that of raw sample were calculated by the cosine of vectorial angle method ( Table 2 ).
The chromatographic peak corresponding to asperosaponinVI (peak 19 in Figure 2 ) was selected as a reference peak for calculation of relative retention time and relative peak area. For precision, the RSD values of relative retention times and relative peak areas of common chromatographic peaks are less than 2.7% and 2.5%, respectively (n = 5). For repeatability, the RSD values of relative retention times and relative peak areas of common chromatographic peaks are lower than 1.3% and 2.6%, respectively (n = 5). The stability test was carried out with a sample solution kept over 24h in room temperature, and the relative peak areas of common chromatographic peaks are below 2.5% and 2.4%, respectively (n = 6). According to the results of validation, the developed fingerprint method could be applied to sample analysis.
As shown in Figure 1 , there are similarities and dissimilarities between fingerprints of wine-fried samples. The high ratio (> 90%) of sum of common peak areas to total area of all peaks for each processed sample acquired, suggested that most of the chemical components in different processed samples were similar. For Quality evaluation of wine-fried Dipsaci Radix Natural Product Communications Vol. 9 (6) 2014 775 Figure 1 : HPLC fingerprints of samples after peak alignment. S0 and S1~S16 indicate raw and wine-fried Dipsaci Radix samples, respectively. processed samples, however, relative peak areas varied greatly according to similarity values (0.493-0.995, Table 2 ), indicating that substantial differences in relative amount of components resulted from different processing conditions. Based on the similarity, different processing conditions had a great influence on the quality of processed products, which might accordingly lead to differences in medical and pharmacological effects.
Dipsaci Radix exhibits DPPH scavenging activity [4] .The AA of the extracts of raw and processed samples was measured by DPPH assay. To express the AA in a more familiar and easily understood term, vitamin C equivalent antioxidant capacity (VCEAC) calculated on a dry-weight basis (mg·100 g -1 ) was used in this study [13] and summarized in Table 2 . The greater the VCEAC value, the higher the AA. Compared with raw product, the AA of most processed products increases to a different extent after processing except for sample 12. The VCEAC values range from 22.6 mg·100g -1 to 33.5 mg·100g -1 . Discrepancies were also present in AA among the processed samples owing to different processing conditions which would lead to potential inconsistencies in efficacy in clinical practices. Thus, according to the results of quality assessment based on fingerprint similarity, asperosaponin VI content and AA, processing conditions are very critical for the quality of processed product. To ensure consistent quality, more attention should be paid to processing conditions and the related parameters should be accurately controlled; otherwise there would be considerable discrepancies in the quality of processed samples.
It therefore was necessary to explore which factors were significant for processing conditions. Fingerprint similarity, the content of asperosaponin VI and AA (VCEAC value) were respectively used to assess the significance of three factors (i.e. amount of wine, heating temperature and heating time) by ANOVA. To perform ANOVA of fingerprint similarity, the average fingerprint of 16 wine-fried samples (generated by SESTCM software) was used as a typical (or reference) fingerprint to calculate similarity. Results of ANOVA based on different indicators are shown in Table 3 . Although evaluation indicators are different, heating temperature is the most significant factor (the lowest P-value, Table 3 ) among three factors influencing processing, which therefore should be carefully controlled. Samples 4,8,12 and 16 produced with high heating temperature (190°C) had low asperosaponin VI content (<1.5%, Table 2 ). For the present study, considering the requirement of asperosaponin VI content (>1.5%) in C.P., the heating temperature was not higher than 160°C during the processing procedure of wine-fried Dipsaci Radix.
Since there were no specific parameters for wine-fried Dipsaci Radix to be followed, the processing condition could not be accurately controlled, leading to inconsistent quality of processed samples. Hence, it was essential to propose a method to give reasonable and quantified parameters for processing Dipsaci Radix.
The optimal conditions based on different evaluation indicators are shown in Table 3 . For example, when using the content of asperosaponin VI as an evaluation indicator, the optimal condition was A 2 B 1 C 1 (amount of wine: 15%; heating temperature: 100°C; heating time: 6min). However, the optimal condition based on AA was A1B3C1 (amount of wine: 10%; heating temperature: 160°C; heating time: 6 min). To determine the comprehensive optimal processing conditions, three indicators should be combined as the average of three-indicator values standardized to the same scale because the units of three indicators were different. The ANOVA results based on the combined indicator are shown in Table 3 . The corresponding optimal condition was A1B3C1 (amount of wine: 10%; heating temperature: 160°C; heating time: 6min). The most influential factor was still heating temperature.
Oxidative stress is involved in many diseases such as inflammation, ischaemic diseases, neurodegenerative disease like Alzheimer's disease and even AIDS [14] . Natural antioxidants can be used to reduce the risk of a number of chronic diseases and protect essential molecules from damage [15] . Antioxidant properties of natural products have been an intense interest for life science researchers [14] . Samples 3,7,11 and 15 produced at 160°C all have higher AA values after wine-frying ( Table 2 ), suggesting that optimal processing condition based on the combined indicator might be rational.
Although a chromatographic fingerprint is a rational way for quality assessment of TCM [11] , similarities between fingerprints do not exactly indicate the closeness of component contents of samples. HCA was used for comparing the similarity of processed sample fingerprints with closeness of asperosaponin VI contents of processed samples. This chemometric approach is a useful complementary technique for quality evaluation [16] . Figure 3 shows the results of cluster analysis. Figure 3A and Figure 3B , show the different clustering results. For example, when the cosine of the vectorial angle is adopted for evaluation of similarity between processed sample fingerprints, . The average linkage method was adopted due to its superior performance [17] . samples 3,15,7 and 11 are more similar to samples 2,6,10,14,5,9,13 and 1 because they are grouped into the same class ( Figure 3A ). However, samples 3,15,7 and 11 are closer to samples 4,8,12 and 16 according to the closeness of asperosaponin Ⅵ content ( Figure 3B ). Since the similarity based on the cosine of the vectorial angle is a measure of shape closeness of the two fingerprints, while the comparison of component content refers only to the difference in component content resulting in inconsistencies between the similarity of fingerprints and the closeness of component contents [18a,18b ].
An HPLC fingerprint mainly reflects information on chemical compounds. The AA of a sample is determined by all compounds present. Processed samples with similar fingerprints do not exactly possess similar AA. For example, as shown in Figure 3A and Figure  3C , the fingerprint of sample 3 is very dissimilar to that of sample 8 because the two processed samples are grouped into different classes, while samples 3 and 8 show the closest AA. Therefore, there are still inconsistencies between similarity of fingerprints and proximity of antioxidant activities (AAs), indicating that similar fingerprints do not sufficiently express proximity between AAs of processed samples. Comparing closeness of component contents with proximity of AAs ( Figure 3B and Figure 3C ), reveals analogous inconsistencies.
Because of the discordance in quality evaluation, fingerprints should be combined with asperosaponin Ⅵ content and AA to give more comprehensive and accurate assessment. For each processed sample, an easy way to achieve such the combination was to integrate the data as a vector including the peak areas in fingerprint, asperosaponin Ⅵ content and VCAEC value. Hence, each processed sample could be characterized by multivariate data containing all three aspects of information. To assess the quality of processed samples, PCA was used to observe the distribution of processed samples in multivariate dimensional space. Before PCA calculation, the integrated data was standardized. Figure 4 displays the scores plot of PCA based on the integrated data.
The first three principal components account for 69.4% of total variance. Apparently, 16 wine-fried samples may be classified into 4 groups according to different heating temperatures, including The categorical separation indicated that the heating temperature could have great influence on processing, fundamentally agreeing with the results of ANOVA, and distinct discrepancies might be in quality of processed samples produced with different temperatures. Therefore, to avoid the inconsistence in quality of processed samples, the processing condition should be parameterized and strictly controlled.
In summary, processing technology is an indispensable part of TCM. According to quality evaluation based on three indicators, there were substantial discrepancies in quality of wine-fried Dipsaci Radix samples under different processing conditions. Among the three factors affecting processing technology, heating temperature was the most influential and should be cautiously controlled. For optimal processing conditions, various evaluation indicators suggested different optimal processing parameters, which could lead to differences in quality of processed product of Dipsaci Radix, and subsequently the effectiveness of processed product in clinical practice might be potentially affected. Therefore, the combined indicator based on the combination of three indicators was proposed and applied to determination of optimal processing condition. According to the results of our present study, as compared with the current quality standards of wine-fried Dipsaci Radix, chromatographic fingerprint combined with asperosaponin VI content and AA would be a rational and more comprehensive method for quality assessment.
Experimental

Chemicals and materials:
Dipsaci Radix (batch number 100606) grown in Sichuan Province was purchased in Shuyu Civilian Drug Store (Jinan, China). All samples were authenticated by Professor Huning Chen. Voucher specimens were deposited in School of Pharmaceutical Sciences, Shandong University. Methanol (Sinopharm Chemical Reagent Co., Ltd, China) and acetonitrile (Burdick&Jackson, Sk Chemicals, Ulsan, Korea) were both of HPLC grade. Purified water was obtained through Milli-Q water purification system (Molsheim, France). (2) where x i and y i refer to peak areas of peak i in the sample fingerprint and in the reference fingerprint, respectively. Because the fingerprint includes many chromatographic peaks, it can be characterized as a vector containing many peak areas. The closer (toward 0) the angle between two fingerprints is, the closer orientation have the two fingerprints, indicating higher similarity between them. Similarity determined by equation (2) can give a useful measure of how similar the shape of two fingerprints is likely to be. The S cos value is bounded in the range from 0 to 1 due to positive peak areas in fingerprints.
Reference compounds:
